The spontaneous or chemically induced release of C-type retroviruses from a wide variety of low-passage cell cultures and high-passage established cell lines derived from non-neoplastic mammalian tissues has been well documented and reviewed by Teich (1982) . Similar viruses have not hitherto been reported in fish cell cultures, but C-type particles have been observed in lesions from epidermal hyperplasia of northern pike (Esox lucius) (Winqvist et al., 1968; Yamamoto et al., 1983) , epidermal hyperplasia and dermal sarcoma of walleye perch (Stizostedion vitreum) (Walker, 1969; Yamamoto et al., 1985) , swimbladder fibrosarcoma of Atlantic salmon (Salmo salar) (Duncan, 1978) and fin papillomatosis of European smelt (Osmerus eperlanus) (Anders, 1989) . C-type particles and reverse transcriptase activity associated with 1.15 to 1.16 g/ml sucrose gradient fractions have also been identified in tissue from northern pike lymphosarcoma (Papas et al., 1976) and white sucker (Catostomus commersoni) papillomatosis (Sonstegard, 1977) . Cell-free transmission studies have suggested a viral aetiology for northern pike lymphosarcoma (Mulcahy & O'Leary, 1970; Brown et al., 1975) , but none of the above C-type viruses has been isolated in cell culture and the pathogenic significance of these agents has yet to be established. As part of the procedure to characterize a number of newly developed cell lines derived from southeast Asian freshwater fish species, we have now identified piscine C-type retroviruses in the form of spontaneously productive infections of four cell lines derived from three unrelated species of fish.
Two of the infected cell lines originated from striped snakehead fish (Ophicephalus striatus) captured at different times and locations in Thailand, the third line was derived from a climbing perch (Anabas testudineus) in Thailand and the fourth from a snakeskin gourami (Trichogaster pectoralis) imported into the U.K. from Singapore. One snakehead line (SSN-1) was initiated from whole fry tissue and the second (SSN-3) from caudal peduncle tissue of clinically healthy juvenile fish. The climbing perch line (CP) and the gourami line (SGP) were also developed from juvenile caudal peduncle tissue. Primary monolayer cultures were initiated and cell lines subsequently established by standard fish tissue and cell culture trypsinization and transfer procedures (Wolf, 1979) using Leibovitz L-15 medium supplemented with 10~ foetal calf serum for cell growth. All cultures were established and routinely maintained at 25 °C.
Electron microscopy of uranyl acetate-lead citratestained ultrathin sections of seemingly normal monolayer cultures of each cell line at approximate passage levels 80 (SSN-1), 50 (SSN-3), 30 (CP) and 20 (SGP) showed all four lines to be infected with morphologically similar C-type virus particles. Progeny virions formed at the plasma membrane and finally budded off as roughly spherical 85 to 90 nm diameter particles, with a centrally located nucleoid separated by an electron-lucent zone from an outer envelope carrying surfac e projections (Fig.  1) . Extracellular virus pellets were obtained from clarified supernatant culture fluids by ultracentrifugation at 150000 g for 60 min and were assayed for reverse transcriptase (RT) activity at room temperature (24 °C) essentially according to the method of Klement & Nicolson (1977) . Pellets were resuspended in freshly prepared disruption buffer and 25 lal samples were added to an equal volume of reaction mix containing either 40 l.tg/ml poly(rA).oligo(dT) or 40 ~tg/ml poly(dA).oligo(dT) and 2 mM*MnC12 or 20 mM-MgClz. Supernatants from all four cell lines showed high levels of Mn :÷-dependent RT activity, with poly(rA).oligo(dT):poly-0001-0428 © 1991 SGM 1) . Peak enzyme activity was associated with a 1.16 g/ml sucrose density gradient fraction, corresponding to the buoyant density of C-type retroviruses. In contrast to these findings, a third striped snakehead fish cell line (SSN-2), similarly derived from caudal peduncle tissue of wild juvenile fish in Thailand, showed no electron microscopic or RT assay evidence of retrovirus infection either before or immediately after treatment of the cells with 50 ~tg/ml 5-iododeoxyuridine for 48 h. All four retrovirus isolates were found to induce a cytolytic infection in monolayer cultures of the BF-2 cell line (ATCC no. CCL91) derived from bluegill fry (Lepomis machrochirus). Cytopathic effects were first observed as a generalized depletion of cells, giving the monolayer a mesh-like appearance 6 to 10 days after inoculation with infective supernatant fluids (Fig. 2) . Cell degeneration and depletion normally continued until the monolayer was completely destroyed 10 to 14 days layer. Productive retrovirus infection of the BF-2 cells was identified by electron microscopy. The susceptibility of BF-2 cells to exogenous retrovirus infection was confirmed by inoculating 25 cm z flasks of subconfluent cells with 1 ml culture medium or RT-positive medium from SSN-1 cells. Polybrene was added to a final concentration of 4 Ixg/ml and the inoculum left for 1-5 h before the addition of further medium without polybrene. The cells were maintained at 22 °C and passaged when confluent, which was usually once a week. Medium was removed 2 days after subculture, clarified at 10000g for 10 min and stored at -70°C until assayed. RT activity in the supernatant medium from SSN-l-infected BF-2 cells increased progressively with each subculture, whereas mock-infected cells showed no comparable degree of enzyme activity ( Table 2) . The retroviruses described in the present report are firmly believed to be of piscine origin, as no other type of cell culture was ever handled within the laboratory prior to the first identification of a virus-infected fish cell line. Further studies are required to determine whether proviral sequences related to the released retroviruses are present in the DNA of tissues of the corresponding fish species to resolve whether the cell culture isolates are genetically acquired (endogenous) or transmissible (exogenous) infections. The relatedness of this group of cell culture viruses to the C-type viruses isolated from other animal classes, as well as the C-type viruses which have been observed in association with neoplastic conditions of teleost fish, has yet to be established. Apart from these considerations however, the availability of a cultureadapted piscine C-type retrovirus affords the opportunity for fundamental research into the nature of retrovirus infections in the phylogenetically most simple and primitive of vertebrate animals.
